Introduction: Immune mechanisms have been implemented to have a role in the pathogenesis of Behçet's disease (BD) and vitamin D has been shown to have a regulatory role in the immune system function. Aim: To evaluate the vitamin D levels of BD patients and its relationship between clinical findings and disease activity of BD. Material and methods: Sixty-eight patients with BD and 70 age-and sex-matched controls were examined retrospectively. Demographic features, vitamin D levels for both groups and clinical findings, disease activity, drug usage for BD patients were examined from their medical reports. Disease activity was calculated for each patient according to Krause's BD activity assessment. Results: Mean vitamin D levels of patients and controls were 15.35 ±7.18 ng/ml and 18.44 ±5.79 ng/ml, respectively. Vitamin D levels were significantly lower in BD patients than in controls (p = 0.006). Mean vitamin D levels of active and inactive BD cases were 15.68 ±7.31 ng/ml and 15.08 ±7.17 ng/ml, respectively (p = 0.73). Disease activity of patients using and not using vitamin D was similar (p = 0.51). Conclusions: Significantly lower levels of vitamin D were observed in BD patients. Our results indicate that there is no correlation between BD activity and a vitamin D level. Together with these, vitamin D replacement treatment was found to have no effect on disease activity.
Introduction
Behçet's disease (BD) is a chronic disease that involves multiple organ systems with characteristic recurrent orogenital ulcerations [1] . In the etiopathogenesis of BD, genetic factors, environmental factors such as microbial agents and immune mechanisms have been suggested as causative factors [2] .
Vitamin D has been known to be important in the metabolism of calcium (Ca) and phosphorus (P). Yet there is an increasing body of evidence emphasizing its anti-inflammatory and immunomodulatory effects [3, 4] . Immunomodulatory effects of vitamin D include suppression of T helper1 (Th1) and Th17 cells, stimulation of regulatory T-cells, inhibiting B-lymphocyte differentiation and immunoglobulin secretion, suppression of antigen presenting activity of macrophages to lymphocytes and differentiation of monocytes into dendritic cells (DC) and their T cell stimulatory activity [5] [6] [7] .
Lower vitamin D levels have been reported in some autoimmune and inflammatory diseases [8] [9] [10] [11] [12] [13] [14] [15] . There have been few reports investigating the effect of vitamin D on BD patients [16] [17] [18] [19] .
Aim
We planned this study to evaluate the vitamin D levels in BD patients and to investigate whether there is a relationship between vitamin D status and clinical findings and disease activity of BD.
Material and methods
The study design was approved by the Ethics Committee of the Kocaeli University Faculty of Medicine. Medical records of 68 patients with BD and 70 age-and sexmatched healthy controls were examined retrospectively.
The effect of vitamin D on clinical manifestations and activity of Behçet's disease
Patients that were diagnosed with BD according to the International Study Group criteria for BD which have been followed in dermatology, ophthalmology, rheumatology, neurology outpatient clinics between January 2013 and December 2014 were included in the study [20] . Data including serum 25-hydroxivitamin D levels and demographic features, currently used drugs, clinical manifestations of patients at the time of measurement of vitamin D were collected from medical records. The clinical activity index for each patient was calculated by using Krause's BD activity assessment at the time of vitamin D measurement [21] . The Krause's BD activity assessment criteria are shown in Table 1 .
A control group was created retrospectively from medical records of individuals who visited other outpatient clinics and had their vitamin D levels measured. Controls with a history of any drug use such as vitamin D, multivitamin, corticosteroids and drugs affecting bone metabolism in their medical records were excluded.
For both groups, individuals with a history of chronic diseases including renal or hepatic diseases, thyroid diseases, rheumatological diseases, bone metabolic diseases, malabsorption, type 1 diabetes mellitus or malignancies were also excluded from the study.
Much attention is paid in order to exclude the seasonal differences of vitamin D measurements in both groups. For this, individuals in the control group were chosen from those whose vitamin D levels were measured in the same seasons as BD patients.
Levels of serum 25-hydroxivitamin D were measured in the Gamma Counter device by using 25OH-vit D 3 radioimmunoassay (RIA) kits (Beckman Coulter, Brea, CA, USA). Serum calcium (Ca) and phosphorus (P) levels were measured by using standard laboratory tests in Abbott/ Architech 16000 autoanalyser and serum parathyroid hormone (PTH) levels were measured by Advia Centaur hormone analyser.
Vitamin D levels lower than 20 ng/ml were classified as 'vitamin D deficiency' and lower than 5 ng/ml were classified as 'heavy vitamin D deficiency' category. Vitamin D levels between 20-30 ng/ml were classified as 'vitamin D insufficiency' and higher than 30 ng/ml of vitamin D were categorized as 'normal' [3] . Serum calcium levels of 8.5-10.5 mg/dl and serum phosphorus levels of 2.3-4.7 mg/dl were considered to be normal. Parathyroid hormone levels of 10-65 of pg/ml were defined as normal [22] .
Statistical analysis
Demographic features of groups were analyzed using descriptive statistics. Among the different groups, we used independent t-test and one-way ANOVA tests to compare variables. Differences in the rates of low serum 25-hydroxivitamin D levels between active and inactive BD groups were analyzed using the χ 2 test, and they were presented with estimated odds ratio (OR; 95%). Seasonal distributions of patients and control groups and vitamin D categories of study groups were analyzed with crosstabs. To determine the effect of colchicine and systemic corticosteroid treatment on serum 25-hydroxivitamin D in BD patients, independent t-test was used between the drug users and nonusers groups. A two-sided p-value < 0.05 was considered statistically significant. Statistical analysis was performed using SPSS 17 (Chicago, IL) pack program.
Results

25-hydroxyvitamin D serum values of 68 patients
with BD and 70 age-and sex-matched healthy controls were compared. The male/female ratio of patients and controls was 31/37 and 34/36, respectively (p > 0.05). The mean 25-hydroxyvitamin D levels in the BD group and control group were 15.35 ±7.18 ng/ml and 18.44 ±5.79 ng/ ml, respectively. The mean 25-hydroxyvitamin D was significantly lower in BD patients (p = 0.006).
Mean Ca, P and PTH levels were 9.55 ±0.42 mg/dl, 3.46 ±0.55 mg/dl, 63.24 ±41.77 pg/ml, respectively for the patient group and 9.52 ±0.44 mg/dl, 3.37 ±0.48 mg/dl, 63.89 ±34.78 pg/ml for the control group. These results were statistically similar for both groups (p > 0.05). Table 2 shows the distribution of measurement of vitamin D according to seasons in both groups. The num- ber of subjects whose vitamin D levels were measured for the same season were similar between two groups (p > 0.05 for all seasons). According to Krause's activity index, we classified patients as mild, moderate and severe. Disease activity of Behçet's patients at the time when vitamin D levels measured are shown in Table 3 . Thirty-one (45.6%) BD patients were active, 37 (54.4%) of them were in remission. Twenty (29.4%) of those active patients were mild, 10 (14.7%) of them were moderate and one (1.5%) was severe. The mean 25-hydroxyvitamin D level in the active BD patients was 18 ±7.31 ng/ml and inactive stage of BD patients was 15.08 ±7.17 ng/ml. The difference between these 2 patient groups was not statistically significant (p = 0.73). Only in 1 patient which was accepted as severe active, vitamin D level was 7.5 ng/ml.
Vitamin D categories in both groups are shown in Table 4 . There was no statistically significant difference between groups according to vitamin D categories (p > 0.05). Vitamin D deficiency (5-20 ng/ml) was common in both groups. But heavy deficiency (< 5 ng/ml) was detected only in the patient group.
In the current study, 12 (17.6%) BD patients were under vitamin D treatment. Five (41.7%) of them had active disease, 7 (58.3%) of them were in remission. Among active disease patients, 3 were under vitamin D treatment for 6 months, 2 of them for 10 months and 2 of them for more than 1 year. The disease activity changed from moderate to mild only in one patient that was under vitamin D treatment. In others, the activity was similar before and after treatment. Among BD patients who were not using vitamin D, 26 (46.4%) of them had active disease and 30 (53.6%) of them were in remission. Disease activity was found to be similar in patients who used and did not use vitamin D (p = 0.51).
Vitamin D levels of individuals with and without major clinical manifestations are shown in Table 5 . The correlation between oral aphthous ulcer and vitamin D level was found to be non-significant (p = 0.87). But we did not evaluate the relation between 25-hydroxyvitamin D levels and other clinical manifestations due to the small size of each group.
Forty-seven (69%) BD patients were using colchicine and 14 of them were using corticosteroids. The mean vitamin D level in cases using colchicine was 15.22 ±7.1 ng/ ml and in cases not using colchicine was 15.66 ±7.53 ng/ ml (p = 0.81). The mean vitamin D level in corticosteroids using cases was 16.29 ±6.41 ng/ml, and in cases not using corticosteroids was 15.11 ±7.41ng/ml (p = 0.56).
Discussion
Immune system alterations have been implemented to have a role in the pathogenesis of BD. Genetic and environmental factors determine the inflammatory process [1, 2] . The inflammation is generally mediated by Th1 mediated cytokines such as tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6) and IL-18 [23] . On the other hand, infectious agents such as Streptococci and Mycoplasma, and their reaction with HSP60 have been reported to initiate the innate immune system activation in BD [24] . During the active phase of BD, especially CD4+ T lymphocytes are intensively stimulated [19, 24, 25] . A higher expression of TLR2 and TLR 4 was also mentioned in the immunopathogenesis of BD activation [26, 27] . Vitamin D has been shown to have a regulatory role in the immune system function. Th1, Th2 and regulatory T cells, B lymphocytes, macrophages and dendritic cells have been shown to express the vitamin D receptor (VDR) and to be vitamin D targets [9, 28] . Vitamin D has a suppressive role on Th1 cell proliferation and on production of TNF-α, iterferon (IFN)-γ, IL-2, IL-5, and it has stimulatory effect on Th2 cell differentiation [28] . It has been postulated that vitamin D deficiency results in diminished regulator T-cells and shifts Th1/Th2 ratio toward Th1 [6, 7] . Also a down-regulatory effect of vitamin D on TLR2 and TLR4 had been reported before [29] .
These immunomodulatory effects of vitamin D led the researchers to investigate a relationship between vitamin D levels and BD [16] [17] [18] [19] 27] . Most of these studies reported significantly lower levels of serum vitamin D in BD in comparison with normal controls [16, 18, 27, 30] . Only in one study, the 25-hydroxyvitamin D level in the BD group was found to be higher than in the control group [19] . In accordance with other studies, in our study the mean 25-hydroxyvitamin D level in the BD group was found to be lower than in the control group.
In recent studies vitamin D deficiency was found to be common in our country [31] . Consistently, vitamin D deficiency was common in both patient and control groups in our study. In the control group, there was no history of chronic disease and drug use that can affect the vitamin D levels, but they had a health problem that would cause them to come to the hospital such as fatigue and nonspecific pain. But despite this condition, the mean vitamin D level of the patient group was lower. Also heavy deficiency (< 5 ng/ml) was detected only in the patient group.
Some studies were performed to understand the relationship between the vitamin D level and disease activity in BD. However most of them were unable to establish a clear relationship between disease activity and vitamin D levels.
In a study by Do et al., vitamin D levels were found to be lower in the active BD group, but the difference between the active group and the inactive group was not statistically significant [27] . Likewise, in another study by Khabbazi et al., a lower level of vitamin D in active BD cases in comparison with the control group was found but these results did not reveal a significant correlation between disease activity and major symptoms of BD and vitamin D values [18] .
In a wider study by Hamzaoui et al., a lower level of vitamin D in active BD cases in comparison with silent BD cases and the control group was found and these results revealed a significant correlation between disease activity and the vitamin D level [17] . There are also other reports confirming a positive relation between BD activity and vitamin D deficiency [27, 30] .
In our study, the mean 25-hydroxyvitamin D level in active and inactive BD patients were similar. We did not reveal a significant difference in vitamin D levels in mild and moderate active groups. But in severe active patient, the vitamin D level was significantly lower than in others (Table 2) .
We did not evaluate the relation between 25-hydroxyvitamin D levels and clinical manifestations such as genital ulcer, erythema nodosum, pseudofolliculitis, vascular involvement, arthritis, ocular involvement, neurological involvement in BD subgroups due to the small size of each group. Only the correlation between the oral aphthous ulcer and vitamin D level was evaluated and found to be non-significant. But in patients with ocular involvement there was a striking vitamin D deficiency (Table 4) . At the same time heavy vitamin D deficiency was seen in 5 BD patients. Three of these 5 patients with heavy vitamin D deficiency were in remission. Uveitis, oral aphthous ulcers and erythema nodosum were seen in other 2 patients. In our patient group, 61% of active BD cases were mildly-active, 35% of them were moderately active, only one patient was accepted as severe BD.
So we think that larger study groups including moderately active and severe active BD cases must be arranged to better understand the relation between vitamin D levels and disease activity and organ involvement in BD patients.
The mechanism of lower vitamin D levels in active BD stage are not yet elucidated. Khabbazi et al. reported that a vitamin D deficiency is a triggering factor in activation of BD [18] . On the other hand, Hamzaoui et al. reported that during the active stage of BD, CD4+T cells increase five-fold and VDR's on these T cells bind vitamin D and this may result in intrinsic vitamin D consumption [17] . In addition there is a study which reports that lower vitamin D levels may develop as a result of colchicine use [16] .
In our study, vitamin D levels were found to be similar in active and inactive patients. We were also able to evaluate the effect of colchicine on vitamin D levels in our patient group. In our study we did not find a significant relationship between colchicine usage and vitamin D levels.
It is not yet understood whether the disease activation is a result of a lower vitamin D level or a lower vitamin D level is a result of active inflammation. Intrinsic genetic factors are known to play a role in BD ethiopathogenesis. So we thought that the lower vitamin D level may be due to genetic predisposition.
In a previous study by Can et al., replacement of vitamin D has been reported to cause an improvement in endothelial functions in BD patients, but this was not statistically significant [30] . Do et al. also reported that inflammation triggered by TLR2 and TLR4 was significantly down-regulated by vitamin D replacement [27] .
In the current study, disease activity was found to be similar in patients who used and did not use vitamin D. Also in a drug user group, the activity indexes were similar before and after treatment. Only in 1 patient that was under treatment of vitamin D, the disease activity changed from moderate to mild. But in this patient, besides vitamin D, immunosuppressive agents had been also added for the treatment of disease. In our study there was no correlation between disease activity and being under treatment of vitamin D. However, the current study was retrospective and it is not enough to say there is no benefit of vitamin D replacement, larger prospective studies must be done.
To our knowledge, our study is the largest and also the first study investigating the relationship between vitamin D levels and disease activity reported from Turkey. In other previous studies, seasonal distribution of vitamin D levels was not homogeneous and not similar to the control group. In our study, seasonal variabilities were excluded in order to make a reliable analysis.
The study had some limitations. Because our study was retrospective, we could not evaluate the disease activity according to more reliable Behçet Disease Current Activity Form. Also we could not evaluate some factors such as nutrition, smoking habits, alcohol usage, body mass index, genetic predisposition, physical activity, clothing style of patients and controls.
Conclusions
In our study, a high prevalence of vitamin D deficiency was observed in BD patients. Our results indicate that there is no correlation between BD activity and the vitamin D level. We could not correlate major clinical findings and 25-hydroxyvitamin D levels in BD subgroups due to the small size of each group. Together with these, vitamin D replacement treatment was found to have no effect on disease activity. However, more scrutinized and prospective studies are warranted to address the issue of vitamin D deficiency in BD, and its relation with disease activity and effect of replacement of vitamin D on disease activity.
